INTRODUCTION
The first human pregnancy achieved through in vitro fertilization (IVF) from a donated oocyte was reported in 1983 by Trounson et aL (1). The oocyte donor was a 42-year-old infertile woman and the pregnancy terminated in a spontaneous first-trimester abortion because of fetal trisomy. During the following decade, oocyte donation became a highly effective method for the treatment of infertility secondary to ovarian failure (2-7). There is no clear understanding as to the mechanism of high fecundity with donated oocytes, and various explanations have been proposed (8, 9) . It is generally agreed that there is a natural age-related decline in the human fertility and that oocytes from younger women should have a higher potential for establishing pregnancy. There is also evidence of agerelated changes in the uterine receptivity (8) . It has been suggested that uterine receptivity is related to the endometrial response to estrogenic stimulation, as indicated by the endometrial thickness, and that a decrease in the endometrial thickness is associated with lower pregnancy rates in recipients of donated oocytes (10) .
A variety of estrogenic preparations has been recommended to stimulate endometrial proliferation and to increase endometrial thickness in donor oecyte recipients without endogenous ovarian function. Oral estradiol valerate (t 1), oral estradiol with estriol at a 2:1 ratio (12) , oral micronized estradiol (3), transdermal estradiol patches (6) , estradiol in a silastic vaginal ring (3), micronized estradiol vaginal tablets (13) , and intramuscularly (im) injectable estradioI valerate (14) have all been used with varying degrees of success. Each one of these methods requires repeated, frequent administrations, and all have individually variable absorption rates and variable bioavailability and give variable serum estrogen levels. Oral preparations have an undesirable first-pass effect on the liver, and all, with the exception of the parenteral estradiol valerate, provide an unphysiologic serum estradiol:estrone ratio. Feinman et al. (14) reported recently that im estradiol valerate may in many respects be superior to oral or transdermal estrogens, but even this preparation requires repeated injections and provides widely fluctuating serum estradiol levels.
Estradiol pellets implanted subcutaneously (sc) have been used for many years as a form of estrogen replacement therapy. After a single sc implantation, they release estradiol into the peripheral circulation at a steady state for approximately 6 to 10 months (15) . With such a form of estradiol administration, there is no first-pass effect on the liver, the estradiol:estrone ratio is > 1, and there is no need for repeated administrations. Estradiol pellets may, therefore, be a preferable estrogen replacement therapy in recipients of donated oocytes.
For the purpose of this study, we evaluated, in donor oocyte recipients With a poor endometrial response, the effect of sc estradiol pellets on the endometrial thickness during mock and embryo transfer cycles, on serum estradiol levels before and after embryo transfer, and on the outcome of the oocyte donation cycles.
MATERIALS AND METHODS
Subjects. The subjects in this study were 13 women, age 27-49, with ovarian failure, requesting IVF as recipients of donated oocytes. Three had known egg donors and 10 were matched with egg donors unknown to them. Ten of 13 underwent prior IVF/egg donation as recipients, using standard estrogen replacement regimens; 9 failed to conceive, and 1 conceived but had early pregnancy loss. The age and clinical characteristics of all recipients are listed in Table I . All 13 had a maximal endometrial thickness on standard estrogen replacement regimens of < 10 mm, and all were diagnosed as having inadequate endometrial growth. In order to improve the endometrial response the subjects were offered sc estradiol pellets. On pellets, t3 recipients underwent i0 mock and 19 IVF/egg donation cycles. To assess the response to estrogen replacement, the subjects were evaluated three times a week during mock cycles and prior to embryo transfer and at weekly intervals during ensuing pregnancies. Serum estradiol and endometrial thickness were measured at each visit during mock and embryo transfer cycles, and serum estradiol during the first trimester of pregnancies. Serum estrone was measured in two patients on estradiol pellets during two mock cycles. The thickness of both layers of the endometrium, the so-called endometrial stripe, was measured sonographicaIly and recorded as the mean of two maximal diameters obtained in sagittal and transverse sections. Maximal endometrial thickness for a particular patient was considered when (a) estrogen replacement was continued for at least 10 days and the progressively increasing endometrial thickness reached -----10 mm, which was considered physiological, or (b) when estrogen replacement was continued for at least 20 days, serum estradiol levels were above 500 pg/mL but endometrial thickness was < 10 mm, and there was no endometrial growth during three successive visits, which was considered inadequate. For the purpose of comparison, 23 cycles on pellets and 10 on other regimens were available in 13 recipients° The maximal endometrial thickness the day before embryo transfer was available for comparison in the same seven recipients on estradiol pellets and on other estradiol regimens. To evaluate the outcome of IVF/egg donation cycles on estradiol pellets, we analyzed oocyte donation cycle parameters including pregnancy rates on estradiol implants (19 cycles), and on other estradiol regimens (10 cycles) in the same recipients, and compared them to those in 49 consecutive oocyte donation cycles performed in our program using other estrogen regimens (historical controls). The endometrial thickness and estradiol levels in historical controls were measured infrequently during egg donation cycles and could not be used for comparison with the study group.
Estradiol pellets, 25 mg each, were prepared by College Pharmacy (Colorado Springs, CO) and supplied in sterile vials. A total dose of 100-250 mg of estradiol (4-10 pellets) was implanted sc into the adipose tissue of the anterior abdominal wall, 6 to 13 weeks before oocyte donation. The pellets were implanted after local infiltration of the skin with 1-2 ml of xylocaine using aseptic technique and Kearn's pellet implanter. They dissolved completely and did not require removal. Other estrogen regimens included micronized oral estradiol tablets at doses of 1-6 mg per day, estradiol transdermal systems at 0.2-0.4 mg per day, and estradiol valerate injections of 2-6 mg twice a week as recommended previously (6, 11, 13) . Pelvic ultrasounds were performed using a real-time convex scanner with a 5.0-MHz transvaginal transducer (SAL-77B; Toshiba Medical Systems, Tustin, CA). Serum estradiol levels were measured using enzyme-linked immunosorbent assay (Enzymun-Test) and Boehringer Mannheim Automated Immunoassay Systems (Boehringer Mannheim Corp., Indianapolis, IN). Intraassay and interassay coefficients of variation were 6.4 and 12.5%, respectively. Serum estrone was measured using a d0uble-antibody radioimmunoassay (RIA) system, supplied by Diagnostic Systems Laboratories, Inc., Webster, TX, with intraassay and interassay coefficients of variation of 7.2 and 14.5%, respectively. Statistical comparisons were performed using paired and unpaired Student's t tests, Mann-Whitney U test, and Kruskal-Wallis one way ANOVA, with P < 0.05 as the level of significance.
RESULTS
The maximal endometrial thickness prior to progesterone administration was significantly increased on estradiol pellets compared to other estrogen regimens, as was the endometrial thickness during progesterone administration 1 day before embryo transfer (Tables  I and II) . There were also fewer days of estrogen stimulation required to achieve maximal endometrial thickness in spite of comparable serum estradiol levels. Mean (±SD) serum estradiol levels after pellet implantation were 590 ± 382 pg/ml (conversion factor to SI units, 3.67) during donation cycles and the first 6-8 weeks of pregnancy and remained relatively constant during the period of study. The mean serum estrone level was 475 +__ 169 pg/mt. Mean (±SE) weekly estradiol levels during egg donation cycles and the first trimester of ensuing pregnancies are illustrated in Fig. I for patients who did and did not conceive and in Fig. 2 for continuing pregnancies and miscarriages. There was slight but not significant difference in mean endometrial thickness on pellets between patients who did and patients who did not conceive (11.04 ± 1.49 vs 10.52 ± 1.10 mm, respectively). The clinical data and the outcome of 19 oocyte donation cycles in 13 recipients are given in Table I . Twelve pregnancies occurred during 19 cycles of oocyte donation; 8 of these delivered at term, 2 miscarried, and 2 are ongoing. There was one set of triplets and one set of twins delivered. The analysis of IVF cycle parameters on estradiol pellets and on other regimens by comparison to historical controls is given in Table III . There was one conception and early pregnancy failure during 10 cycles on other estrogen regimens, while on estradiol pellets 12 conceptions occurred during 19 cycles of embryo transfer. Ten of these delivered or are ongoing, while two miscarried, for pregnancy, delivery/ongoing, and implantation rates of 63, 42, and 27%, respectively. In comparison, pregnancy, delivery, and implantation rates in historical controls were 41, 29, and 14%, respectively (P < 0o01).
DISCUSSION
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We report here a new approach to estrogen replacement therapy in donor oocyte recipients undergoing endometrial preparation for embryo transfer. The-pellets are prepared from crystalline estradiol and are implanted sc. As indicated by previous studies (15) , the release rate is relatively constant over a period of 6-12 months. This eliminates the need for repeated estrogen administration to a recipient who may already be taking other parenteral medications including progesterone. During pregnancy, estradiol pellets seem to have no adverse effects on placental estradiol production, as indicated in Figs. 1 and 2 . Placental contribution to the estradiol pool seems to begin during the sixth to seventh week of gestation, as indicated by the incremental estradiol rise. The pellets release estradiol directly into the peripheral circulation, thus avoiding the first pass through the liver and potentially undesirable effects. Furthermore, the circulating estradiol:estrone ratio is more physiological as demonstrated before (15) and confirmed in this study. A constant 24-hr release into the peripheral circulation may be more beneficical than the fluctuating estradiol levels following repeated oral, transdermal, or im administrations. We have used doses ranging from 100 * Differences between the groups in pregnancy, delivery, and implantation rates were significant at P < 0.01, Kruskal-Waltis one-way ANOVA.
to 250 mg implanted sc. A 250-rag sc implant was consistently followed by mean estradiol levels ranging between 500 and 800 pg/ml, adequate in most patients for normal endometrial growth. For the purpose of this study, we selected 13 donor oocyte recipients, 10 of whom had prior failure with donor oocyte IVF, and all had evidence of inadequate endometrial growth during embryo donation and mock cycles. As indicated in Tables I and II , the maximal endometrial thickness was higher on estradiol pellets than on other estrogen regimens, and the number of days to achieve maximal endometrial thickness was significantly lower. Considering that serum estradiol at the time of maximal endometrial thickness was not statistically different between pellets and other regimens, the data suggest that continuous estradiol release from the pellets may be more beneficial than the fluctuating levels resulting from repeated oral, transdermal, or im administrations.
The success in terms of implantation, pregnancy, and delivery rates in our 13 subjects during 19 cycles on pellets was much higher than during 10 cycles on other estrogen regimens. The subjects, however, were preselected by prior donor egg IVF failure, presumably secondary to prior poor endometrial response. Therefore, we compared IVF--egg donation cycles in our subjects to 49 consecutive oocyte donation cycles in recipients with normal endometrial response on stan-dard estrogen regimens (historical controls). The implantation, pregnancy, and delivery rates on estradiol pellets were also significantly higher than on other regimens. Two of four patients on estradiol pellets who did not conceive had a persistently low endometrial thickness, which might have contributed to the conception failure (Table I) . However, the difference in the maximal endometrial thickness between patients who did and patients who did not conceive was statistically not significant, presumably because of the small number of subjects.
In summary, sc estradiol pellets in donor oocyte recipients is a new approach to endometrial preparation which has several advantages and good patient acceptance. This approach may be of special value in patients for whom other estrogen regimens are unacceptable or ineffective.
